This study examined smallholder farmers' level of perception about climate change, source of information on climate change, types of adaptation strategies, factors influencing adaptation choices and barriers to adaptation in Eastern Hararghe Zone, Ethiopia. The surveyed farm households in the study area perceived at least one aspect of climate change primarily through their life experience. Planting trees is the major adaptation measure and 89.1 percent of the farmers took this adaptation strategy. Most farmers (96 percent) believe that deforestation is the main cause of climate change and the choice of farmers to plant trees as an adaptation strategy may be partly a mitigation strategy. However, the majority (49.6 percent) of the households employed at least one adaptation response on top of tree planting. The other adaptation strategies include: early planting, terracing, irrigation and water harvesting. The main source of information for these adaptation strategies for 58.4 percent of the respondents is from extension advice. Results of a multinomial logit model showed that non-farm income, farmer-to-farmer extension, access to credit, distance to selling markets, distance to purchasing markets, and income affect the choice of adaptation strategies. Finally, the study identified lack of information as the most important barrier to climate change adaptation. The other barriers include: lack of farm inputs, shortage of land, lack of money, lack of water and shortage of labor.
Background
Climate change has adversely affected the livelihoods of people in developing countries where a large proportion of the population is heavily dependent on agriculture. Similarly, climate change has exacerbated poverty, food insecurity and vulnerability of agrarian communities in Sub-Saharan Africa (Akponikpè et al. 2010; Bryan et al. 2009 ). Ethiopia, a country located in the Horn of Africa, where the agricultural sector accounts for about 52 percent of the GDP and 85 percent of the foreign exchange earnings, and employs about 80 percent of the population (CSA Central Statistics Authority 2004) could be a typical example of the impact of climate change on the vulnerable rural communities in the developing world.
A recent mapping on vulnerability and poverty in Africa has positioned Ethiopia as one of the most vulnerable countries in the continent with the least adaptive capacity to climate change. In fact, the country has suffered from at least five major national droughts since 1980, not mentioning numerous local droughts all over the country. In the years between 1999 and 2004 alone, more than half of all households in the country faced at least one major drought. These cycles of drought have effectively kept the population in vicious poverty nullifying the endeavors of the population in creating assets and increasing its food security status (ILRI 2006; Stige et al. 2006; ACCCA 2010) .
However, the impact of climate change is not limited to the occurrence of droughts (Lautze et al. 2003) . Other important climatic variables are also changing implying the multiple repercussions of the change in climate. Over the past decade, average minimum and maximum temperatures of the country have increased by around 0.25°C and 0.1°C respectively. Further, it is expected that in the year 2050, mean temperature will increase by 1.7-2.1°C (Tadege 2007) . Most climate models support this increase in temperature. However, there is a contradiction as to the change in precipitation, where both increase and decrease in precipitation are forecasted depending on the climate models employed (Strzepek and Mccluskey 2006) . Nevertheless, high variability in precipitation is observed in the country over the past decade (Deressa et al. 2011) .
The change in climate is inevitable, at least in the near future, and Ethiopian farmers are now faced with adapting to this inevitable change in climate. Following IPCC (2001), adaptation to climate change refers to the "adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities". Adaptation could be effected at different scales: individual or farm-level, and national or international level. Even though there will be some autonomous adaptation at farm-level, this adaptation is inadequate and needs the intervention of institutions like governmenet (Maddison 2007; Smit and Pilifosova 2001) . Adaptation actions at national or international level, however, entail an understanding of the process of autonomous adaptations at farm-level (Bryan et al. 2009 ).
Adaptation at farm-level involves two stages: perceiving the change in climate, and deciding whether to adapt or not, or which adaptation strategy to choose (Maddison 2007) . There are still important questions on perception that need to be addressed, such as: Are farmers able to perceive the change in climate in the long run? Which changes are they able to perceive? What economic, social and institutional factors influence their level and speed of perception (Vedwan and Rhoades 2001; Falco et al. 2011; )? Perception is not, however, an adequate condition for adaptation. Farmers who have perceived the change in climate may not adapt or the nature of their adaptaion respones may vary as a result of a complex interplay between social, econmic and institutional factors (Maddison 2007; Maharjan et al. 2011; Bryan et al. 2009 ).
There is a large deficit of information on the process of adaptation in the developing world including Ethiopia (Smit and Pilifosova 2001; McSweeney et al. 2010 ). There are currently few research outputs in Ethiopia, almost all focused only to the Nile Basin of the country. ), Deressa et al. (2011 ) and Falco et al. (2011 studied the perception and adaptation process in the Nile Basin of Ethiopia. They were able to identify factors that affect perception, adaptation decisions, and also highlighted the main barriers to adaptation in the study areas. On the other hand, Maddison (2007) and Bryan et al. (2009) compared the adaptation process in Ethiopia with other African countries, again based on the survey in the Nile basin of Ethiopia. All the studies carried out in the Nile Basin of Ethiopia were dependent on a single survey made during 2004/2005 on 1,000 farmers. However, ACCCA (2010) studied the nature of adaptation in the drought prone areas of Tigray, northern Ethiopia, based on a survey of 160 farmers.
The studies carried out so far are only limited to the Nile Basin of Ethiopia. There is a need to study the other parts of the country: the southern and eastern parts. There are regions in the country which could provide new insights on the adaptation process at farm-level. East Hararghe Zone of Oromia regional state could be a very good example in this respect. The Zone is characterized by farmers with very small average landholdings, even compared to the national and regional average, and follows a mixed crop-livestock production system consisting of cash crops (such as Khat and coffee) and cereals, unlike most of the areas in the Nile Bain. The Zone is also one of the food insecure areas of the country having a large population with frequent need for emergency food aid (Niemistö 2011) . Hence, a study on adaptation to climate change in this area could supplement the current knowledge on the adaptation process in the country and could subtantially contribute to plan development interventions in the Zone. Moreover, it seems that most studies (Deressa et al. 2011; Falco et al. 2011; Bryan et al. 2009 ) assumed that farmers have perceived climate change gradually by themselves and did not explicitly ask the source of their perception on climate change, which could be training given by extension agents. Unlike many studies, this study also seprately considers distance to selling markets and distane to purchasing markets as determinants of adaptation decisions.
This study, therefore, investigated the whole adaptation process starting from perception to adaptation responses in Eastern Hararghe Zone. It examined the process and degree of smallholder farmers' perception and adaptation to climate change in the study area. It also identified factors governing smallholder farmers adaptation responses and the most important barriers to adaptation.
Methods

Study area, sampling and data collection
The study area is East Hararghe Zone, Oromia National Regional State, Ethiopia. It is located in the eastern part of the regional state and the country. (ONRSPO n.d.) . Hence, a total of 110 farm households were included in the study and the survey was carried out in 2012. However, during data processing, we dropped one of the questionnaires as it had missing values. The non-missing variables of the questionnaire were examined and no peculiar characteristics were found justifying the decision for list wise deletion, which is the best option under such situations (Allison 2002) .
To collect the data, a semi-structured interview schedule was employed. Enumerators were trained for one day to familiarize them with the issues of climate change, farmlevel adaptation to climate change, the significance of research on climate change adaptation, and the basic concepts in sampling, interviewing and processing data.
Data analysis
This study employed both qualitative and quantitative analysis techniques. The qualitative analyses used interpretations, comparisons and arguments. The quantitative analyses made use of both descriptive and inferential statistical techniques. The descriptive statistical techniques applied in the study include percentages and graphs. Inferences are made using a multinomial logit model (MNL). MNL is widely employed in climate change adaptation (e.g., Sofoluwe et al. 2011; Gbetibouo 2009 ) and technology adoption (e.g., Uaiene et al. 2009; Paudel et al. 2011; Jariko et al. 2011 ) studies. It is employed when the dependent variable has more than two outcomes or, in our case, more than one adaptation response to climate change (Madalla 1983; Greene 2003) .
To describe the MNL model, let y denote a random variable taking on the values {0;1;…..;J} where J is a positive integer and x denote a set of conditioning variables. In our study, y would be adaptation measures taken by households whereas x represents the explanatory variables hypothesized to influence the choice of the available adaptation options. The MNL model is employed to show how ceteris paribus changes in the elements of x influence the response probabilities, P (y = j|x), j = 0, 1, …, J. P (y = j|x) is known after determining the probabilities for j = 0,1,2,…,J, which must sum to unity.
The MNL model has response probabilities given as Equation (1):
The parameter estimates of the MNL model only show the direction of the relationship between the dependent and independent variables. Therefore, to determine the actual magnitude of change or probabilities, the marginal effect of the explanatory variables, Equation 1 is differentiated over the explanatory variables to give Equation (2):
The MNL, however, works under the assumption of the Independent Irrelevant Alternatives (IIA). Following this assumption, the odds of any two outcomes are independent of the remaining outcomes available. Hence, omitting or adding outcomes should not affect the odds of the remaining outcomes (Long and Freese 2001) . The fitted MNL model was first checked to make sure that it does not violate this assumption.
Empirical specification of model variables
The dependent variable is farmers' choice of no adaptation, tree planting as a sole response, and tree planting and at least one additional measure. Farmers usually adopt more than one adaptation strategy at a time and the dependent variable is defined in a way that provides mutually exclusive outcomes. Farmers' choice of adaptation strategies is made in the context of households' socio-economic characteristics, institutions, and agro-ecological settings. Hypothesized factors are discussed below and the description of each explanatory variable is given in Table 1 .
The agro-ecological settings of farmers such as climate and soil are expected to influence their adaptation to climate change. Evidence shows that farmers in drier and hotter climate are more likely to respond to climate change than farmers in cooler and wetter areas ). In Ethiopia, according to the country's traditional agro-ecological zones, areas categorized as Kolla (lowland, 500-1500 m.a.s.l) are characterized by relatively hotter and drier climate whereas Woinadega (middle land 1500-2500 m.a.s.l.) and Dega (highland, 2500-3500 m a.s.l.) are wetter and cooler ). In our study the sampled Kebeles fall under either Kolla or Woinadega. Hence, it is hypothesized that farmers living in Kolla are more likely to adapt to climate change than in Woinadega. Access to water for irrigation is hypothesized to negatively affect farmers' adaptation to climate change. This is based on the argument that farmers who have access to irrigation water are more resilient to climate change and are less likely to take adaptation measures (Gbetibouo 2009 ).
Female-headed households in Ethiopia in general and in East Hararghe in particular are expected to be less likely to adapt due to their limited access to land, information, inputs and institutions as a result of traditional social barriers (Wilson and Getnet 2011) . However, Nhemachena and Hassan (2007) found that female-headed households are more likely to take up adaptation measures than male-headed households. The authors explain that females are engaged in more farm activities than males and have better farm experience and information. Although this finding has sound grounds, our study proposes that the argument in the contrary is more probable to prevail in the study area (Wilson and Getnet 2011) and hypothesized that male-headed households are more likely to adapt to climate change.
Farmers with more years of farming experience are more capable of assessing the available technologies and making adaptation decisions (Gbetibouo 2009 ). On the contrary, more experienced or older farmers tend to be risk-averse and lag behind in adoption decisions. There is no final consensus on how age affects adoption decisions (Adesina and Baidu-Forson 1995) . The more a farmer is educated, the more likely he/she is to access information, perceive and adapt to climate change (Adesina and Baidu-Forson 1995; Maddison 2007 ). Hence, a positive relationship between level of education and adaptation decisions is expected.
Household wealth (land, livestock and income) highly influences adoption decisions of farmers Asfaw et al. 2011) . Shortage of land is observed to be one of the major barriers in adaptation to climate change (Bryan et al. 2009; Maddison 2007 ) and land size (farm size) was hypothesized here to have a positive relation with adaptation to climate change. A related institutional issue with land is land tenure. Previous studies observed that farmers who own their farm land are likely to take adoption measures, particularly if the investment required for adaptation is tied to the land (Gbetibouo 2009; Nhemachena and Hassan 2007) . It is, therefore, hypothesized that ownership of land encourages adaptation to climate change.
Apart from farm size, wealth of farmers in terms of higher income and livestock ownership facilitates adoption of technologies. Wealthier farmers are more likely to use their financial resources to acquire new technologies and are less risk-averse to experiment them. It is also argued that the more wealth a farmer has, the more likely he/she is to access information, credit and extension services (CIMMYT 1998). Hence, higher farm and non-farm income, and livestock ownership are expected to influence adaptation positively. According to Foster and Rosenzweig (2010) , wealthier farmers are advantageous in adoption particularly due to lack of well-developed credit and insurance institutions. Thus, better access to credit hastens adoption (CIMMYT 1998) and it is hypothesized here to facilitate adaptation to climate change. Household size can influence adaptation because of its association with labor endowment. It is argued that a larger household size enables the adoption of technologies by availing the necessary labour force in one hand (Croppenstedt et al. 2003) and enabling the generation of additional income from extra labor invested in off-farm activities (Yirga 2007) . It is, therefore, expected to positively influence adaptation to climate change. Extension services foster adaptation through enhancing farmers' awareness of climate change and knowledge on adaptation measures (Falco et al. 2011; Doss 2003; Nhemachena and Hassan 2007) . In this study, both formal (public) and informal (farmer-to-farmer) extension services are hypothesized to facilitate adaptation to climate change. Farmer-to-farmer extension is also used here to serve as a proxy for social capital. Enhanced social capital ensures better access to information, credit, and facilitates cooperation for actions that have positive externalities which are not internalized at the level of individual decision makers (Hogset 2005 cited in Katungi 2007). Isham (2000) and Abodi et al. (2007) showed the importance of this variable in encouraging adoption of technologies by farmers. Thus, the positive relation of farmer-to-farmer extension with adaptation is further supported in relation to social capital.
Markets serve as a means of sharing and exchanging information (Maddison 2007 ) and also enhance the returns from technology (Jack 2011). As a result, farmers close to input and output markets are in a better position to take adaptation measures, and distance to input and output markets is expected to be inversely related with adaptation. A final factor that is included in this study is food aid. Food aid has an insurance effect (Barrett 2006) and may encourage farmers to adopt new technologies. For example, Bryan et al. (2009) have shown that food aid increases the probability of adaptation among the poorest farmers. This study, therefore, expects that food aid enhances adaptive capacity to climate change.
Results and discussion
Perception of climate change
There are differences among farmers in how they perceive changes in temperature and precipitation (Figures 1 and 2 ). 91.2 percent of the respondents perceived an increase in temperature over the last 20 years while 5.3 and 3.5 perceived no change and decrease in temperature respectively. On the other hand, 90.3 percent of respondents perceived decrease in precipitation while 6.2 and 2.6 percent perceived no change and increase in precipitation respectively. Besides, 0.9 percent indicated precipitation is variable rather than agreeing either on an increase or decrease of rainfall. However, all the farmers have perceived at least one aspect of the change in climate indicating a high level of perception among farmers in the study area. A Heckman selection test was run to see whether farmers perceiving no temperature or precipitation change introduce selection bias in our analyses. The inverse Mills ratio term is statistically not different from zero at 10 percent level of significance (p = 0.2985 and p = 0.2318 for perceiving no precipitation and no temperature change respectively), indicating no statistically significant indication of selection bias.
Sources of information on the existence of climate change
Farmers were explicitly asked how they first come to know about climate change (Figure 3 ). The majority of farmers (90 percent) perceived climate change through their life experience while 3.7 percent were informed by extension services. This result indicates that farmers are still heavily dependent on their gradual perception of climate change.
If Bayesian updating is assumed, this would mean that there is lack of information from extension services to update the perception of the farmers or the farmers attach less credibility (or probability of being true) to the information provided by extension staff.
Types of adaptation strategies
The majority of farmers (49.6 percent) adopted tree planting with at least one additional measure while 39.5 percent took tree planting as a sole response to climate change (Figure 4) . A survey in the Nile Basin of Ethiopia (Deressa et al. 2011; ) also found planting trees as the most common adaptation strategy. Planting trees has diverse ecological and economic benefits, which bring about adaptation to climate change. However, the responses of farmers to climate change can also be driven by their understanding of the causes of climate change. The majority (96 percent) of the households in this survey believe that the main cause for climate change is deforestation. Fosu-Mensah et al. (2010) also observed a similar understanding in Ghana. Therefore, planting trees may also be taken by the farmers partly as a mitigation strategy in addition to adaptation. Even though deforestation is one of the causes of climate change, it is known that carbon emission from industrialized countries is the main cause (IPCC 2007) . Hence, the result shows the existing gap in the understanding of farmers on the main causes of climate change and a potential misconception on the performance of their major adaptation strategy-planting trees.
Although Figure 4 groups adaptation responses into three, there are actually 8 types of adaptation measures identified in the study area ( Figure 5 ). The majority of farmers (89.1 percent) planted trees as an adaptation measure. Early planting, terracing, irrigation, and water harvesting follow tree planting as the next common adaptation strategies in the order they are listed. Praying was mentioned by 9.2 percent of the respondents as an adaptation strategy. Taking praying as a major adaptation measure may arise from associating climate issues to supernatural forces, which is usually the case in religious societies like Ethiopia (Nzeadibe et al. 2011) . The use of early maturing plants and non-farm activity are rare responses to climate change in the study area. Generally, the adaptation measures taken by the farmers are similar to other findings in Ethiopia (Maddison 2007; Deressa et al. 2011; Falco et al. 2011 ).
Source of information on adaptation strategies
Conley and Udry (2001) contend that farmers learn about new innovations from extension advice, from their own experimentation and from their neighbors' experimentation. In our survey, farmers were asked about their source of information on adaptation strategies. It was learned that extension advice took the lion's share (about 58.4%) followed by own experimentation, which accounts 23.9% (Figure 6 ). Furthermore, 17% of the framers interviewed used neighbors' experimentation and advice as a source of information for adaptation. The results indicate the importance of extension services in influencing farmers' adaptation decisions. The dominance of tree planting as an adaptation strategy may also be attributed to interventions by the public extension system, which is the main source of information on adaptation strategies.
Determinants of adaptation
The Multinomial Logit Model was run taking 'no adaptation' as the base category against which the remaining outcomes are compared with ( Table 2) . The model was checked for the endogeneity problem by fitting models with and without variables such as acess to extension services and acess to credit. Running Hausman specification tests showed that there is no significant systematic difference in coefficients as a result of exclusion of these variables. An important assumption of the MNL is Independence of Irrelevant Alternatives (IIA) and the model was tested using the Hausman test to see if it fulfills the assumption. The Hausman test supported that IIA is not violated with χ 2 ranging from 0 up to −35.53 with probabilities almost equal to 1.0. LR tests and Wald tests also verified the power of the explanatory variables included in the model. To make sure that the explanatory variables do not pose a multicollinearity problem, OLS was fitted and VIF was calculated. All the VIF values are less than 10 (1.10 -3.68) indicating that it is safe to assume the absence of multicollinearity. For ease of interpretation, marginal effects were computed for each outcome in the dependent variable (see Table 3 ). The marginal effects show the change in probability of a particular choice of climate change adaptation for a unit change in the explanatory variables.
Non-farm income
Contrary to our hypothesis, non-farm income was showed to have a negative relationship with adaptation by employing tree planting with other measures. This could be explained by the enterprise diversification or risk reduction effect of non-farm income which may reduce the importance of urgent adaptation measures. In other words, the existence of nonfarm income serves as an adaptation measure by itself and may delay other responses.
Farmer-to-farmer extension
As was expected, farmer-to-farmer extension enhances adaptation to climate change, whether by only planting trees or by taking measures on top of tree planting. This result underscores the importance of social capital and informal extension services in adaptation to climate change. 
Access to credit
Regardless of the expectations, households with better access to credit were found to be less probable to adapt to climate change by tree planting as the only response for adaptation. Although not significant, the coefficient for adaptation by employing tree planting plus other measures is also negative. This could be explained by the fact that farmers accessing credit are likely to be already engaged in different farm investment activities which improves their adaptive capacity and thereby delaying adaptation measures.
Distance to selling market
As was hypothesized, as distance from selling market increases the likelihood of adaptation by tree planting trees and taking at least one additional measure decreases by 13.5 percent. Even though not statistically significant, it has the same negative relationship with adaptation by only tree planting. 
Distance to purchasing market
Despite the expectations, the probability of higher level of adaptation increases with an increase in the distance of purchasing markets. With the increase in distance from purchasing markets, farmers are more probable (by 25.3 percent) to adapt by planting trees on top of at least one additional measure. It is also positively related with adaptation by only tree planting. The implication of this result is that farmers travelling further to purchasing markets may access larger markets where they are likely to be introduced with diverse inputs or technologies. The result further indicates that the markets from which distance is measured are not homogeneous, and underscores the need to verify the same while using the varibale as a measure for market access.
Income
In line with the hypothsis, income was found to be postively related with adaptation either by tree planting alone or by employing additional measures. Adaptation by tree planting plus at least one additional measure is, however, slightly insignificant (p = 0.109). Prob > chi2 = 0.0000*** Log likelihood = −65.931038
No adaptation is the base outcome ***, **, * Significant at 1%, 5% and 10% significance level respectively.
Barriers to adaptation
Adaptation to climate change has many stumbling blocks. During the survey, farmers mentioned a number of barriers to adaptation emanating from different social, economic and institutional situations (Figure 7) . The most important factor mentioned as barrier to adaptation by the surveyed farmers is lack of information (which accounts 22.5%) about climate change and adaptation strategies. This is attributed to various factors including lack of institutional support mechanisms and failure to mainstream the issue of climate change in the public extension system of the country. Lack of information was also identified as the main barrier to adaptation by a survey in the Nile Basin of Ethiopia ). Lack of farm inputs including seed (20.7 percent), chemical fertilizer (3.6 percent) and oxen (8.1%) are mentioned by the respondents as the second most important impediments. Out of the three farm inputs mentioned by the framers, the problem emerging from lack of seed (20.7 percent) outweighs the other two while the problem from lack of drought oxen rests as the second most important barrier. According to 17.1 percent of the sampled respondents, shortage of land plays a key role in diminishing their potential to adapt to climate change. An independent sample t-test showed that these respondents have significantly (p < 0.05) lower average land size compared to the rest of the respondents who did not mention shortage of land as a major barrier. The surveyed farmers also mentioned lack of money (14.4 percent) as another important climate change adaptation barrier. This result further signifies the importance of financial resources in adaptation to climate change. The other barriers mentioned by the farmers include: lack of water, lack of labor, insecure land tenure and lack of market access. In general, the findings are similar to other studies in the country Deressa et al. 2011; Bryan et al. 2009; Maddison 2007 ).
Conclusions
The research was carried out in three districts in East Hararghe Zone of Ethiopia where 110 farm households were randomly considered for the study. All of the surveyed farm households observed at least one type of climate change over the last 20 years primarily based on their life experience. Planting trees was found to be the single most common adaptation strategy in the study area. The majority of farmers (89.1 percent) adapted to climate change either by planting trees as a sole response or by taking at least one adaptation measure on top of it. Apart from tree planting, the main adaptation strategies taken by the households include: early planting, terracing, irrigation, water harvesting and praying. The majority of farmers learned about their adaptation strategies from extension services. Hence, the dominance of tree planting as an adaptation measure may be associated with the interventions of the extension system. Moreover, most farmers misconceived that the major cause of climate change is deforestation, which may indicate tree planting decisions could have been taken by the farmers partly as a mitigation strategy. There is a need to provide information to farmers and extension workers on the basics of climate change including its causes and what they should expect from tree planting as an adaptation strategy. An MNL model was fitted on the data where the choices of adaptation to climate change make the dependent variable. Different socioeconomic, institutional and Figure 7 Barriers to adaptation. The X-axis shows the different barriers to adaptation faced by farmers while the heights of the bars correspond to the percent of respondents who mentioned each barrier.
agro-ecological variables were hypothesized to influence adaptation decisions and were included in the model. Households with higher access to farmer-to-farmer extension, a proxy for social capital and access to informal extension services showed higher probability of taking adaptation responses. Farm households with higher income and better access to selling markets are more likely in taking adaptation measures. However, farmers tend to adapt more when they use purchasing markets located further. Farmers travelling to further input markets may be advantageous in being introduced with various technologies or inputs which increases their chance of adopting more adaptation strategies. This result also emphasizes the need to assess the homogeneity of markets before taking distance from markets as an indicator for market access.
With more non-farm income and credit, farmers will adapt less to climate change. Farmers with higher non-farm income may be slow in taking more adaptation measures as non-farm activities by themselves act as adaptation measures. Households who have access to credit may also be already engaged in different farm investments that improve their adaptive capacity to climate change, making less likely adaptive measures taken for climate change.
The surveyed farmers were asked about the most important barriers they face in adapting to climate change. The most frequently mentioned barrier is lack of information followed by lack of seed, shortage of land, lack of money, lack of oxen, lack of water, shortage of labor, lack of fertilizer, insecure land tenure and lack of market access, listed according to their importance. The result underscores the need for strengthening the extension system of the country in providing information on adaptation strategies and supplying agricultural inputs and particularly improved seeds. Enhancing the capacity of rural credit institutions is also an important element in supporting autonomous climate change adaptations at farm level.
In a nutshell, the study results indicate an information gap in the public extension system and among farmers about the causes of climate change, adaptation strategies and their performance. Planting trees as an adaptation measure should not be overemphasized and the extension system should introduce diverse adaptation options to climate change. Interventions that enhance income, access to finance, access to farm inputs, access to market and diversification of enterprises should be an integral part of climate change adaptation policies and strategies. It is also recommended that social capital should be utilized in national or regional interventions towards climate change adaptation of smallholder farmers.
